Background: KRAS mutation testing is recommended for the discernment of metastatic colorectal cancer patients who are unlikely to benefit from anti-epidermal growth factor receptor antibodies. A recently developed amplification refractory mutation-Scorpion system is becoming a standard method for KRAS mutant detection. The feasibility and robustness of this system using DNA samples from clinically available formalin-fixed, paraffin-embedded specimens were evaluated. Methods: Genomic DNA from macro-dissected 110 specimens was applied for the KRAS mutant detection using a commercial amplification refractory mutation-Scorpion system kit. Success rate and mutant detection rate of the test were evaluated. Results: Small intra-and inter-lot deviations of the testing kit and a good concordance among different real-time polymerase chain reaction systems suggested the reliability of the amplification refractory mutation-Scorpion system. Though one-third of the 110 samples that were tested did not contain a sufficient amount of DNA to detect a 1% concentration of mutant alleles, the mutant detection rate was not impaired using tumor DNA concentrated by macro-dissection. Using a higher amount of template DNA, which supposedly contained abundant interfering substances, prevented the detection of the exogenous control amplicons, resulting in a reduced success rate. Adjusting the template amount according to the total DNA concentration might reduce the failure rate. Conclusion: The amplification refractory mutation-Scorpion system with formalin-fixed, paraffin-embedded specimen-derived DNA samples exhibited an acceptable feasibility and robustness suitable for routine clinical practice.
INTRODUCTION
The clinical benefits of anti-EGFR (epidermal growth factor receptor) antibodies for the treatment of metastatic colorectal cancer (mCRC) have been revealed in randomized clinical trials (1 -3) . Meanwhile, retrospective subset analyses of these trials have clarified that patients with tumors containing mutant KRAS genes, which encode constitutively active forms of KRAS proteins, did not benefit from anti-EGFR antibodies. Based on this evidence, KRAS mutation testing is now strongly recommended prior to the use of anti-EGFR antibodies (4, 5) .
A series of procedures have been developed for detecting KRAS mutations in genomic DNA from archived formalin-fixed, paraffin-embedded (FFPE) specimens. Among them, a recently developed mutation-specific realtime polymerase chain reaction (PCR)-based technique, combining an amplification refractory mutation system and a Scorpion fluorescent primer/probe system (ARMS/ S), offers both simple and rapid means of testing (6, 7) . A single kit detects seven major mutations in codons 12 and 13 of the KRAS gene in heterogeneous specimens at a low allelic concentration (1%), with detection limits of between 5 and 10 copies. This assay has been used in several phase III trials examining the use of anti-EGFR antibody treatment in patients with mCRC, and a commercialized, quality-controlled kit has been approved for the CE mark, indicating conformity with European health and safety requirements (4, 8) .
Though the ARMS/S method is likely to be a valuable tool in clinical practice, the feasibility and robustness of this system using DNA samples from clinically available FFPE specimens have not been well evaluated. In the present study, we explored the feasibility and robustness of this kit and the DNA properties that influence a successful test outcome.
PATIENTS AND METHODS

TISSUE SAMPLES AND DNA EXTRACTION
Samples from 110 mCRC patients who were planned to receive anti-EGFR antibody treatment between April and November 2009 were available for KRAS mutation testing. The test was performed as a part of the Advanced Medical Technology Programs approved by the Ministry of Health, Labour and Welfare of Japan and written informed consent was obtained from all the patients. All the specimens had been obtained from primary or metastatic tumors collected by surgical resection or biopsy. Genomic DNA was isolated from FFPE tissue blocks using the QIAamp DNA FFPE Tissue Kit (QIAGEN) according to the manufacturer's instructions. To enrich the tumor-derived DNA, the tissue areas containing more than 70% tumor cells from each section were macro-dissected. The extracted DNA was spectrophotometrically quantified using Nano Drop 1000 (Thermo Fischer Scientific).
KRAS MUTANT DETECTION
Mutant KRAS was determined using the K-RAS Mutation Test Kit (DxS-QIAGEN) according to the manufacturer's instructions. Real-time PCR was performed and analyzed using the LightCycler 480 Real-Time PCR System and LightCycler Adapt software v1.1 (Roche Diagnostics) or the 7500 Fast Real-Time PCR System (Applied Biosystems-Life Technologies).
RESULTS
NEGLIGIBLE INTRA-AND INTER-LOT DIFFERENCES OBTAINED WITH THE K-RAS MUTATION KIT
To evaluate the deviation in the data among each run, we estimated the Ct (cycle threshold) values for the amplification plots of the kit-attached mixed standard. The mixed standard contains all the mutant fragments. Amplification with a control, which amplifies a region of exon 4 of KRAS, and 7 mutant-specific primers provided constant Ct values. Using three different lots of the kit, a total of 27 runs were performed using the Roche LightCycler 480 Real-Time PCR System (LC480). All the plots exhibited the Ct values of the control and mutation assays with a small standard deviation (SD), and these values converged within the range reported by the manufacturer. The differences in the Ct values among the different lots were also negligible ( Figure 1 and Table 1 ).
GOOD CONCORDANCE BETWEEN RECOMMENDED REAL-TIME PCR SYSTEMS
Two real-time PCR systems, the LC480 mentioned above and the Applied Biosystems 7500 Real-Time PCR System (ABI7500), have been approved for in vitro diagnostic use in Europe. The deviation in the results obtained using these two systems was assessed. Eleven randomly selected samples that were identified as mutation positive using the LC480 system were re-tested using the ABI7500 system. All the mutation callings were concordant between two systems. Furthermore, once the threshold of the ABI7500 system was adjusted so that it was equal to the control Ct value of the mixed standard identified using the LC480 system, the differences in the control Ct values of the samples became very small (mean and SD, 20.55 + 0.83). The differences in DCt (the difference between the mutation assay Ct and the control assay Ct) between the two systems were also significantly small (mean and SD, 0.20 + 1.31). Confirmatory direct sequencing did not detect any mutant signals in 4 of the 11 samples, however the other mutation interpretations were concordant with those obtained using the ARMS-Scorpion kit (Table 2 ). 
LIMITS OF SAMPLE ASSESSMENT INTERPRETATION
LightCycler Adapt Software is recommended for the analysis of data obtained using the LC480 system. The software calculates the sample DCt values, which are compared with the cut-off values for a 1% concentration of mutant alleles, to identify a positive or negative amplification plot. A CONF_LEVEL Flag/Warning is displayed in a mutationnegative sample with a control Ct . 28.9, suggesting the absence of an amount of amplifiable DNA sufficient to detect a 1% mutation and indicating that low-level mutations might have been missed. As well, a LIMITED Flag/Warning is displayed in a mutation-negative sample with a control Ct .35 to warn that the system has only detected apparent mutations. Of the 110 samples that were tested, 35 samples (31.8%) were judged as CONF_LEVEL and three samples (2.7%) were judged as LIMITED (Fig. 2) . However, the mutant detection rates of the samples with a control Ct below and above 28.9 were 40.9 and 40.0%, respectively (Fig. 2 ).
EXOGENOUS CONTROL FAILURE USING A LARGER AMOUNT OF DNA TEMPLATES
The assays contain an exogenous control reaction to assess contamination with PCR inhibitors. If the exogenous control reactions fail and no mutant-specific amplification was detected, an EXO_FAIL Flag/Warning is displayed. EXO_FAIL warnings were displayed in 25 of the 110 samples (22.7%) that were examined. All the samples were mapped onto a two-dimensional plot with the control Ct value and the spectrophotometrically determined gross amount of DNA used in the reaction. The EXO_FAIL samples converged within an area corresponding to a larger amount of DNA and smaller Ct values. The lowest DNA Fig. 2 ).
DISCUSSION
One of the advantages of the ARMS/S system for KRAS testing is its expediency for standardizing operating procedures. The significantly small intra-and inter-lot deviations obtained in the present study suggest the reliability of the meta-chronically obtained data. Furthermore, the good concordance between different real-time PCR systems assures consistency among different facilities. The limited amount of DNA in archived samples, mainly caused by fragmentation as a result of formalin treatment, often makes KRAS testing difficult using FFPE samples (9) . Though the standardization of the fixation methods, such as concentration and pH of formalin and fixation time, is highly recommended, controlling these factors of clinically available archived samples is quite difficult. Actually, we could not follow the information of fixation methods of most of the specimens examined in this study, and about one-third of the samples did not satisfy the criteria for assuring sensitivity capable of detecting a 1% mutation rate. However, the mutation incidences were similar between the samples with a control Ct below and above 28.9, suggesting that the limited sensitivity did not lower the detection power, at least using DNA samples that had been enriched by macro-dissection.
In addition to its high sensitivity, robustness is another advantage of ARMS/S system. Discordant mutant interpretation between ARMS/S and direct sequencing was observed in 4 of 11 samples. All the four samples exhibited the control Ct value .28.9, suggesting that the amplifiable DNA amount of these samples was rather limited. Using a larger sample size, we confirmed a similar phenomenon and found that the sensitivity of direct sequencing was impaired by insufficient template DNA amount, resulting falsenegative results for mutant detection (Bando, submitted for publication). Taking different sensitivity and robustness into account, which testing method, ARMS/S or direct sequencing, provides better conformity to the clinical benefit of anti-EGFR antibodies should be further investigated.
Unamplifiable DNA and other contaminants can interfere with PCR-based assays. The results showing that EXO_FAIL warnings were observed among the samples with larger amounts of DNA supports this idea. A threshold determined by the amount of total DNA might be useful to reduce the appearance of EXO_FAIL warnings, compared with a threshold determined by the control Ct value. Theoretically, the control Ct stands for the amount of amplifiable DNA, while the spectrophotometrically determined DNA amount reflects the sum of the amplifiable and unamplifiable DNA. Thus, the above finding seems to suggest that the total DNA concentration is correlated with the incidence of EXO_FAIL warnings. The manufacturer's instruction suggests repeating the assays using diluted DNA samples if this warning appears. In such cases, checking the total amount of DNA, rather than the control Ct of the primary assays, might produce better results. However, DNA dilution sometimes causes a trade-off between a decreasing EXO_FAIL incidence and a decreasing sensitivity. Limited DNA yields from clinical specimens can be quite troublesome in such cases. Improving the quality of DNA samples, for example, by eliminating necrotic tissues and the remains of hemorrhage during macro-dissection, the use of alternative DNA extraction methods that do not require spincolumns or filtering out contaminants with lower molecular weights might help to resolve this problem.
In conclusion, ARMS/S testing using FFPE-derived DNA samples exhibited a good feasibility and robustness that might satisfy the requirements for routine clinical practice. To maintain the reliability of this test, authorized quality assurance/control programs for laboratories should be required, and the merits and demerits of this system versus other KRAS mutation tests will need to be further evaluated in clinical use. Jpn J Clin Oncol 2011;41 (1) 55
